Abstract: SDS-PAGE technique was used for the study of seed protein polymorphism among three genotypes of Cicer arietinum with different seed coat colour. A total of 24 polypeptide bands were recorded. Out of these 20 were common among all three genotypes and 4 (16.66%) were polymorphic. The data analysis using UPGMA clustering revealed that genotypes with C2 (dark brown) and C3 (black) were closer as compared to genotype with C1 (light brown) coat colour. Jaccard similarity coefficient value ranged from 0.87 to 0.92. The similarity matrix was subjected to UPGMA clustering to generate dendrogram. The most closely revealed genotypes were C2 (dark brown) and C3 (black) with the highest similarity index 0.92 whereas, C1 (light brown) showed minimum similarity index with C3 (black) genotype 0.87. Each of three genotypes of C. arietinum had some polypeptide bands which were peculiar to them only. This enabled distinguishing all three genotypes on the basis of specific polypeptide fragments using SDS -PAGE analysis.
INTRODUCTION
Chickpea (Cicer arietinum L., 2x=2n=16) belongs to the family Fabaceae. The genus Cicer L. comprises 49 taxa with 40 wild perennials, 8 wild annuals and one annual cultivated species (Toker et al., 2014; Smýkalet al., 2015) . Chickpea is the second most important food legume in the worldin terms of area (13.5 million hectares) and production (13.1 million) tons in the 2013 after beans (FAOSTAT, 2016) . Colour and pattern of seed coat are basicphenotypic features often used to distinguishgenotypes of higher plant species (McCleanet al., 2002) . Control of phenotypic characteristics suchas seed coat pattern and colour by specific genehave been identified in a number of plant species (Acamporaet al., 2007) . These genes might exhibit epistatic interaction with other genes which may define many seed coat colours and patterns within the species. Genetic markers such as morphological traits, biochemical characteristics (isozyme, protein profiles) and DNA based molecular markers are powerful tools for the analysis of genetic diversity and relatedness among genotypes, species and large populations of plants. Although, morphological trait can be used for assessing genetic diversity but it is often influenced by the environmental factors (Siddiqui and Naz, 2009) . Biochemical markers such as proteins and isozymes have served as an important tool todetect genetic relationships in plants (Mukhlesur et al., 2004) . Protein polymorphism serves as genetic markers as they are direct products of active genes and are quite polymorphic and generally heritable (Gepts, 1990) . The polymorphism observed in the protein profiles reflects the changes in the active part of the genome. Although protein polymorphism can be analysed through a variety of techniques, polyacryl amide gel electrophoresis (PAGE) is generally favored technique for rapid analysis (Fergusan and Grabe, 1986; Smith and Smith,1986; Raymond et al., 1991) due to its validity and simplicity for describing genetic variations (Ahmad and slinkard, 1992) . This technique has been used effectively to decipher genetic diversity among/between genotypes in different plant species (Cook, 1984; Mukherjee and Datta, 2008) . In case of C. arietinum isozyme polymorphism among its natural populations (with different seed coat colour has been reported. The present investigation was undertaken to study the seed protein polymorphisms among three genotypesof C. arietinum with different seed coat colourusing SDS-PAGE. Extraction of seed proteins: In this investigation, Seeds (1.0 g) were ground to fine powder using 10.0 ml, 0.1M phosphate buffer (pH=7.0)containing β-mercaptoethanol (10mM) andPhenylmethaneSulphonylfluoride(2.8mM). Theextract was centrifuged at 10,000 rpm for 15 minat 4°C. The supernatant was again centrifugedat 10,000 rpm for 10 min at 4°C. The resultingsupernatant was used as protein sample.
Analysis of seed protein diversity in

Determination of protein concentration:
The concentrations of proteins were determined spectrophotometrically using the Bradford method (Bradford, 1976) . Sample application and gel electrophoresis: Protein sample was mixed with 4X gel loadingdye to make its final concentration of 1X in mixtureand was heated at 95°C in water bath for 10 min.prior to loading. Protein sample (100 μg) wasloaded in each lane. Protein molecular weightmarker (Bangalore Genei, India) was used asreference. Protein samples were electrophoresedat 8 V/cm for about 4 h at constant current. Preparative gel was visualized by staining withCoomassie Brilliant Blue R-250. Data analysis: Gels were placed on a white light transilluminator and photographed. The polypeptide bands wereanalyzed using UVIBandMap software.
RESULTS AND DISCUSSION
The total seed protein extracts of all three genotypes (light brown, dark brown and black) when subjected to SDS-PAGE analysis revealed significant variation in polypeptide banding pattern (Fig. 1) . Bands with same mobility were considered asidentical fragments, regardless of their staining intensity. A total of 24 polypeptide bands wererecorded ( Jaccard's similarity coefficient value ranged from 0.87 to 0.92 (Table 2 ). The similarity matrix was subjected to UPGMA clustering to generate dendrogram (Fig. 2) . Lowest Jaccard's similarity value represents maximum diversity. Genotypes with C1 (Light brown) and C3 (black)were more diverse as compared to genotype with C2 (Dark brown) seed coat colour. The most closely genotypes C2 (Dark brown) and C3 (black) with the highest similarity index 0.92, whereas C1 (light brown) showed minimum similarity index with C3 (black) genotype (0.87) Seed protein analysis using SDS-PAGE isparticularly considered as a reliable techniquebecause seed storage proteins are highlyindependent of environmental fluctuations. Thehigh stability of seed protein profile and its additivenature makes it a promising tool for distinguishing genotypes of particular plant species. Therefore,in the present studies SDS-PAGE technique wasemployed for analysis of seed protein diversity inC. arietinumgenotypes with different seed coatcolour (light brown, dark brown and black). SDS-PAGE technique has been successfully applied in many different plant species to estimate genetic diversity and phylogenetic relationship among genotypes. Genetic diversity for some nutritive traits of chickpea (C. arietinum L.) from different regions of kosova were analyzed and significant difference were observed in mineral contents among genotypes (Aliu et al., 2016) . Similarly, Arefian et al. (2014) have showed significant change in protein profiling and amount of protein in chickpeas in response to salinity stress during early stages of seedling growth. Singh et al. (2015) performed characterization of seed storage proteins of chickpea using 2D electrophoresis coupled with mass spectrometry, a total of 600 protein spots were detected. In-gel protein expression patterns revealed that three protein spots as upregulated and three other as downregulated. Likewise, Gupta et al. (2016) have also reported significant genetic diversity in chick pea using seed protein profiling. In wheat, Siddiqui and Naz (2009) showed 5.0-84.0% polymorphism among 10 genotypes. Similarly, Khan et al. (2010) observed 0.0-60.0%genetic polymorphism with in twenty genotypes of walnut. Using SDS-PAGE, Inamullah et al.(2010) have showed 0-80% polymorphismamong eleven genotypes of Oryza sativa. In Capsicum sp., 0-100% polymorphism was observedin nineteen genotypes (Akbar et al., 2010) whilein Kabuli Chickpea genotypes significant polymorphism was reported (Hameed et al., 2009) . Similarly, Chittora and Purohit (2012) showed 5.0-11.0 % polymorphism among three genotypes of Abrusprecatorius. Present studies carried out with three genotypes of C. arietinum revealed 8.0-13.0% polymorphism. SDS-PAGE analysis provided strong basis for the discrimination of genotypes on the basis of specific polypeptide fragments. 
Conclusion
The importance of plant genetic diversity is now being recognized as a specific area since exploding population with urbanization and decreasing cultivable lands are the critical factures contributing to food insecurity in developing world. It provides opportunity for plant breeders to develop new and improved cultivars with desirable characteristics. In conclusion, electrophoretic polypeptide bands of seed storage proteins can provide a potent tool to estimate genetic variation and relation among germplasm. The specific band of seed storage protein profiles may be used as markers for identification of the varieties. 
